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The Main Andes at the northern Chilean-Pampean flat slab segment were formed by the 18 
inversion of late Oligocene to early Miocene extensio al depocenters in Neogene times. 19 
Their structure, size and depth are loosely constrai ed by field data since these sequences 20 
have amalgamated forming an almost continuous blanket with scarce basement outcrops 21 
and their base is limitedly exposed. Satellite and erial gravity and magnetic data are used 22 
in this work to define a 3D model that shows the basement structure at depth and adjust 2D 23 
structural sections previously based on field data. The results indicate complex basin 24 
geometry with depocenters of variable size and depth buried beneath Mesozoic (?)-25 
Paleogene and Neogene sections. Additionally, previously proposed crustal heterogeneities 26 
across this orogenic segment are geophysically constrai ed with a new crustal 27 
heterogeneity identified on the basis of a modeled 2D crustal section. We propose 28 
hypothetically, that this crustal discontinuity could have played a role in controlling 29 
Paleogene extension at the hanging wall of an asymmetric rift basin, explaining the locus 30 
and development of the Doña Ana Basin. Finally, this work provides new information 31 
about Cenozoic structure and Paleozoic basement architecture, presumably derived from 32 
amalgamation history of one of the highest and more inaccessible regions of the Andes. 33 
 34 
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The High Andes located across the Chilean-Pampean flat subduction zone are poorly 44 
explored due to their height with local peaks reaching the 7000 m (Figure 1). A complex 45 
structure produced by a thick-skinned array of structures partly derived from inversion of 46 
Late Triassic to Eocene-late Oligocene depocenters and new basement faults have produced 47 
an intricate mountain morphology with relay faults and abrupt changes in polarity 48 
(Mpodozis and Ramos 1989; see Charrier et al., 2007, for a synthesis). These High Andes 49 
through the Chilean-Pampean flat subduction zone can be separated in two 50 
morphostructural systems: the Principal Cordillera (M in Andes) to the west that comprises 51 
the drainage divide zone and is characterized by contractionally deformed Mesozoic rocks 52 
associated with variable decollement depths, one developed shallowly in Late Jurassic 53 
gypsum sequences and another located more deeply in an inverted Late Triassic extensional 54 
detachment, and the Frontal Cordillera to the east formed by Late Paleozoic to Paleogene 55 
extensive volcanoclastic sections exhumed in a thick skinned system (see Ramos et al., 56 
2002 for a synthesis; and Martínez et al., 2015, for a newer approach). The Precordillera to 57 
the east is formed by Paleozoic imbricate series associated with variable decollement 58 
depths, detached in Cambrian and Silurian sequences i  its northern section and related to 59 
the inversion of a Late Triassic extensional detachment in the south. This system has barely 60 
Paleogene cover and is considered to be part of a series of broken foreland mountain 61 
systems, including the Sierras Pampeanas in the east rnmost foreland zone, that were 62 
uplifted at the time when the flat subduction segment started to develop since the last 17 63 
Ma (Ramos et al., 1986, 2002).  64 
The analysis of the structure in the High Andes hasbeen considerably delayed in 65 
comparison with other neighbor segments due to their ight and scarped morphology, 66 
reason by which geophysical potential methods and mainly those derived from aerial and 67 
satellite data in the last years, where no terrestrial measurements are available or scarce, 68 
proved to be useful. Particularly, we use in this work satellite and terrestrial gravity and 69 
aerial magnetic data, in combination with available g ological data, to analyze the 70 
basement structure of the High Andes in the poorly explored northern part of the Chilean-71 













inversion model of the basement from the High Andes to the foreland zone in order to 73 
investigate the structure of the Paleogene depocenters. Additionally, we performed a 2D 74 
double inversion model, across a particular transect at 29°30’S in order to validate previous 75 
structural cross sections that were previously-only based on field data. This study is also 76 
aimed to show the applicability of combined satellit , aerial and terrestrial gravity and 77 
magnetic data to analyze upper to lower crustal structu e in inaccessible mountain sectors. 78 
 79 
Figure 1: Study area in the northern Chilean-Pampean flat subduction zone represented 80 
over a DEM (90 x 90 m). White lines represent the contour lines of the Nazca Plate at 81 
depth (Mulcahy et al., 2014). The black dotted rectangle indicates the location of the study 82 
area. The profile modeled is indicated in red across the study area. 83 
 84 
Geological Setting 85 
The Chilean-Pampean flat subduction zone is associated with a broad broken foreland 86 
system integrated by several morphostructural systems that comprise from the trench the 87 
Coastal Cordillera, the Main Cordillera in the drainage divide zone between Chile and 88 
Argentina, and the Frontal Cordillera, Precordillera and Pampean Ranges to the east on the 89 
Argentinean slope. Through this sector, Paleogene depocenters are exhumed in the Main 90 
Cordillera over Mesozoic marine and continental sections corresponding to the north-91 
extension of the Neuquén Basin mainly developed on the Argentinean slope of the Andes 92 
(Vicente, 2005). To the east, the Frontal Cordillera xposes the basement of the Mesozoic 93 
sequences in a thick section of volcanic, volcanoclastic and intrusive rocks of 94 
Carboniferous to Permian-Triassic ages that comprise a suite of intrusives of the Elqui-95 
Limarí and Colangüil batholiths and the Choiyoi Group (Figure 3) (Bissig et al., 2001; 96 
Charchaflié et al., 2007; Llambías y Sato, 1990). These rocks are covered unconformably 97 
by Oligo-Miocene volcanic and sedimentary sequences of the extensional Doña Ana Basin 98 
(Figure 4) (see Winocur et al., 2015, for a recent synthesis). Bissig et al. (2001) dated the 99 
volcanic rocks of the Doña Ana Formation by Ar/Ar methods obtaining ages comprehended 100 













and Ar-Ar ages on these sections over the eastern Andean slope, confirming pre-existing 102 
ages and showing a wider extension of the basin on both slopes of the Andes. More 103 
recently, Winocur and Ramos (2008; 2011) and Winocur et al., (2014) proposed based on 104 
field criteria an extensional intra-arc control forthese sections. 105 
The Oligocene Doña Ana Formation defined initially b  Thiele (1964) was lately 106 
subdivided by Maksaev et al., (1984) and Martin et al., (1995) into two units in the High 107 
Cordillera of Chile on the basis of K-Ar ages and an angular unconformity between them 108 
identified in field work. Thus, the Tilito Formation (27 to 22,1 Ma) composed of rhyolitic 109 
ignimbrite tuffs and dacitic lavas is separated from the Escabroso Formation (21 to 17 Ma), 110 
composed of andesitic to basaltic lavas, volcanic agglomerates and breccias, as part of the 111 
Doña Ana Formation. At the Argentinean side of the Andes, Ramos et al., (1987), Nullo 112 
(1988) and Marín y Nullo (1989) recognized these two units locally in the Cerro de las 113 
Tortolas and La Ortiga (Figure 4).  114 
To the east of these Cenozoic depocenters, the Precordillera imbricates in an east-vergent 115 
system the basement of these sequences corresponding to marine and continental 116 
sedimentary rocks of Paleozoic ages (Baldis et al., 1982). Finally the Pampean ranges in the 117 
foreland zone are characterized by a deeper decollement that exposes Early to Late 118 
Paleozoic magmatic and metamorphic rocks. These east rn morphostructural systems were 119 
not affected by Oligocene extension, leaving the area of Cenozoic extension circumscribed 120 
to the High Andes region at these latitudes. 121 
 122 
Figure 2: 3D block diagram with a DEM on top of it showing hypocenter location on a 123 
section at 29 ° 30 'S that signals the subhorizontal subduction of the Nazca Plate below the 124 
South American plate at the northern Chilean-Pampean flat slab segment. Black dots 125 
correspond to the relocation of seismic events obtained from International Seismological 126 
Centre (EHB Bulletin, http://www.isc.ac.uk). Morphostructural systems mentioned in the 127 
text are shown as a reference. 128 
 129 
Figure 3: Geological map of the drainage divide area and eastrn slope of the Andes from 130 













data from Furque (1998), Cardó et al., (1998, 2001), Caminos and Fauqué (2001), Fauqué 132 
et al., (2002) and Fauqué (2010). The red rectangle indicates the area covered by the 133 
figure 4 corresponding to the Valley del Cura region where one of the most detailed 134 
descriptions on the Cenozoic stratigraphy of the Frontal Cordillera is made. The location 135 
of profile displayed in Figure 12 is shown as a refe nce. 136 
 137 
Figure 4: Geological map of the Valle del Cura area in the Frontal Cordillera, showing 138 
the structure that affects and controls the Paleogene sequences and their basement 139 
constituting a doubly vergent system derived from Cenozoic inverted extensional systems 140 
(taken from Winocur et al., 2015). These field data were taken to construct the structural 141 
profile displayed in Figure 12. 142 
 143 
Data and methods 144 
Gravity data 145 
This study is based on a database which comprises 23680 gravity stations (Geophysical 146 
Seismological Institute of the National University of San Juan, IGSV).  The database 147 
covers the central region of Argentina  in an area b tween 27.5° to 36.5° S and from 71° to 148 
65° W, extending outside of the boundaries of the study area which avoids border effects 149 
(Figure 5).  150 
 151 
Figure 5: Location of gravity and magnetic databases available in the region of study. 152 
Shaded rectangle indicates the area under study. Red dots indicate gravity data and yellow 153 
stars indicate the susceptibility data used in thiswork (Geophysical Seismological Institute 154 
of the National University of San Juan, IGSV). Grey lines correspond to the Nazca plate 155 














Each Gravity data station was measured using geodetic gravimeters with precisions of ± 0.1 158 
mGal. With the purpose of ensure the accuracy of the measurements and to homogenize all 159 
stations obtained on different campaigns, each gravity station has been linked to the 160 
national altimetry network. This process allow avoiding any possible artifact due to 161 
problems in the leveling of the different sources, because all of these were referred to IGSN 162 
71 network (International Gravity Standardization Net 1971) and are linked to the 163 
fundamental station Miguelete (Buenos Aires), through the nodal 145 City of San Juan and 164 
PF9 into the N24 line (Morelli et al., 1974) (more d tails about the homogenization and 165 
reductions to altimetry network are shown in Villella and Pacino 2010). This methodology 166 
allows making a proper data reduction for anomaly calculation using the classical 167 
corrections detailed below (Blakely, 1995; Hinze et al., 2005).  168 
The theoretical or normal gravity, accounting for the mass, shape, and rotation of the earth 169 
is the predicted gravitational acceleration on the best-fitting terrestrial ellipsoidal surface. In 170 
this work we have used the 1980 Geodetic Reference System (GRS80) (Moritz, 1980), 171 
being the latest ellipsoid recommended by the International Union of Geodesy and 172 
Geophysics  173 
The Somigliana closed-form formula (Somigliana, 1930) for the theoretical gravity gT on 174 
this ellipsoid at latitude (south or north) ϕ is: 175 
           (1) 176 
, where the GRS80 reference ellipsoid has the value ge = 978032.67715 mGal, being ge the 177 
normal gravity at the equator; k = 0.001931851353 a derived constant; and e2 = 178 
0.0066943800229, being e the first numerical eccentricity. 179 
The height correction, called the free-air correction, is based on the elevation (or 180 
orthometric height) above the geoid (sea level) rather han the height above the ellipsoid. 181 
The revised standards use the ellipsoid as the vertical datum rather than sea level. 182 
Conventionally, the first-order approximation formula of ∆gh in mGal, or 0.3086 h, is used 183 













The Bouguer correction accounts for the gravitational attraction of a layer of the earth 185 
between the vertical datum, i.e., the ellipsoid, and the station. This correction, ∆gB in 186 
mGal, traditionally is calculated assuming that the earth between the vertical datum and the 187 
station can be represented by an infinite horizontal slab with the equation: 188 
,          (2) 189 
where G, the gravitational constant, is 6.673 ± 0.001×10−11 m3 kg-1s-2 (Mohr and Taylor, 190 
2001) and σ is the density of the horizontal slab in kilograms per cubic meter. Additionally, 191 
the mean density is 2.67 g/cm3 (Hinze, 2003), and h is the height of the station in meters 192 
relative to the ellipsoid in the revised procedure o  relative to sea level in the conventional 193 
procedure. 194 
The terrain correction adjusts the gravity effect produced by a mass excess (mountain) or 195 
deficit (valley) with respect to the elevation of the observation point. The terrain correction 196 
was obtained using two digital elevation models, a local one and a regional one, obtained 197 
from the Shuttle Radar Topography Mission (SRTM) of the United States Geological 198 
Survey (USGS). The software used (OASIS montaj 7.2) combines the algorithms 199 
developed by Kane (1962) and Nagy (1966). Through the use of a sampling procedure, a 200 
corresponding topographic correction value was assigned to each gravity station.  The 201 
resulting maximum error for this correction was ± 1.8 mGal.  Finally the complete Bouguer 202 
anomaly values (Fig. 6a) were calculated on a regular grid cell size of 5 x 5 km, using the 203 
Minimum Curvature method (Briggs, 1974).  204 
 205 
Figure 6:  a) Bouguer anomaly map with topographic correction obtained from terrestrial 206 
data; b) crust – mantle interface depth corresponding to the hydrostatic Moho geometry 207 
calculated for the study area considering Tn = 35km; c) isostatic residual anomalies 208 
obtained from the Airy-Heiskanen compensation model; d) decompensative isostatic 209 
residual anomalies, obtained by subtracting from the isostatic anomaly an upward 210 
continuation at 35 km (Cordell et al., 1991). This anomaly shows only the gravity effects of 211 













Flexural compensation models proposed by Watts (1995), Wienecke et al., (2007), Tassara 213 
et al., (2007), Pérez-Gussinyé et al., (2008), Tassar  and Echaurren (2012), Álvarez et al., 214 
(2013), applied to the Central Andes have enabled th  determination of elastic thicknesses 215 
which are progressively higher eastwards into the for land zone. However, relatively low 216 
values of the effective elastic thickness next to the areas of higher crustal thickening and 217 
prolonged locus of magmatism in the Central Andes (Introcaso et al., 1992) justify the use 218 
of a “local” compensation model (Airy-Heiskanen) to evaluate the gravity field, such as in 219 
the study area, where the arc has stayed for more than 30 My and the Moho is higher than 220 
50 km. Additionally, this model has been used in this region by several authors with the 221 
aim of eliminating negative effects of the Andean roots in order to analyze the upper crust 222 
heterogeneities (Götze and Evans 1979; Introcaso et al., 1992; Chapin 1996; Götze and 223 
Kirchner 1997; Whitman et al., 1999; Introcaso et al., 2000; Gimenez et al., 2001; Tassara 224 
and Yáñez 2003, Sánchez et al., 2015).   225 
Previous gravity and seismic models were taken into consideration to estimate the isostatic 226 
mountain roots responding to the Airy – Heiskanen model (Martinez et al., 2006, Gimenez 227 
et al., 2009, Gans et al., 2011, Assumpção et al., 2013). Then, in this model we considered 228 
a) a normal thickness of the crust of 35 km (Tn), b) a density contrast of 0.4 g/cm3 (∆ρ) , 229 
and c) a crust density of 2.67 g/cm3 (ρ ). The resulting hydrostatic Moho depth is shown in 230 
Figure 6b, yielding broad sectors over 50 km, and reaching locally 60 km. Then, the 231 
isostatic gravity root effect is calculated from this ydrostatic Moho geometry, obtaining 232 
the isostatic residual anomaly by subtracting this effect to the Bouguer anomaly (Figure 233 
6c). 234 
Therefore, the isostatic corrections could be used to remove at least partially the 235 
gravimetric effect of the crustal roots. However, they do not solve the problem when 236 
cortical roots are related to high density regions with or without topographic expression. 237 
Moreover, these anomalies can be masking other disturbances of short wavelength, 238 
generated by shallower sources (Simpson et al., 1986). To overcome this disadvantage, we 239 













Under a hypothesis of local (instead of regional) compensation, the gravity effect of a 241 
shallow geological body can be separated from the effect of its deeper compensating root 242 
inferred by deconvolution. The decompensative anomaly is the Bouguer gravity anomaly 243 
with isostatic and decompensative corrections added. Cordell et al. (1991) have proposed 244 
for this method, to perform an "upward continuation" to the isostatic anomaly (IA) in order 245 
to reduce the effect of short wavelength structures. Then, the "decompensative" anomaly 246 
(like a residual anomaly) is calculated by subtracting the upward continuation from the 247 
isostatic anomaly (Figure 6d). This anomaly signals in the foreland region broad areas that 248 
are next to isostatic equilibrium, while around thedrainage divide area some areas appear 249 
in a slightly not compensated state. 250 
Magnetic data 251 
The magnetic database used in this work comes from different sources: i) A terrestrial 252 
dataset that is only used as a control tool to unify ii) aerial data from two aeromagnetic 253 
surveys (Argentinean Mining Geological Service, SEGEMAR). The first aerial survey was 254 
previously used in Litvak et al. (2005) (Area 9), composed of Total Magnetic Field (TMF). 255 
This was digitized and regularized using the terrest ial data as datum. 256 
As already known, the observed value at a point of he geomagnetic field includes the 257 
contribution of the Normal Field of internal origin (about 95% of Earth's magnetic field), 258 
the Crustal Field (constituting approximately 5% of the Earth's magnetic field) and the 259 
external sources (due to the Sun – Earth interaction). These contributions are present on the 260 
value of the magnetic field measured at each point. Thus, in order to analyze the crustal 261 
magnetic field, the effects of the Normal Field and Diurnal Variations must be removed 262 
from the measured data (Dobrin, 1976). Thus, the database of the total magnetic field 263 
(TMF) was digitized and corrected by the daily variation for its corresponding time of 264 
acquisition. Such reductions were made by both companies that acquired the data and for 265 
the Instituto Volponi itself, where the data reposit ry is placed.  The Normal field is 266 
obtained from the International Geomagnetic Reference Field (IGRF), under the 267 
Responsibility of the International Association of Geomagnetisms and Aeronomy (IAGA) 268 













of Gauss coefficients and their secular variations, f degree and order from  to 270 
, largely representing the terms of lower degree th main field from the outer core (Hinze 271 
et al., 2013). By subtracting the IGRF values to the measured data, previously corrected for 272 
diurnal variation, the Magnetic Anomaly is obtained (Figure 7), which represents the 273 
magnetic field of crustal origin (Blakely, 1995). 274 
 275 
Figure 7: Magnetic Anomalies obtained from aerial and terrestrial data sets gridded in 276 
1000 x 1000 m cells from the Minimum Curvature method (Briggs, 1974). 277 
 278 
Reduction to pole (RTP) (Baranov, 1975; Phillips, 2007) is a process applied to magnetic 279 
data that removes the asymmetry caused by the non-vertical direction of magnetization. 280 
The RTP method takes the total-observed magnetic fild transforming it, producing a map 281 
that would have resulted considering the area in the terrestrial magnetic pole (magnetic 282 
inclination 90°). Assuming that the entire observed magnetic field s ue to the induced 283 
magnetic effects, the application of this technique facilitates direct comparison with 284 
gravimetric data using the Poisson’s theorem (Poisson, 1826). Such theorem states that all 285 
properties of the magnetic field due to a homogeneous body are derivable from its gravity 286 
field and vice versa. A pseudo anomaly refers to an anomaly of one type (i.e. gravity or 287 
magnetic) that has been transformed from the equivalent anomaly of the other type (i.e. 288 
magnetic or gravity) via Poisson’s theorem (Hinze et al., 2013). Given an observation point 289 
placed at a distance r from the source with constant de sity σ and magnetization with 290 
intensity J and direction i, the Poisson’s theorem connects the gravity T(r) and magnetic 291 
V(r) potentials by: 292 
  (3) 293 
Hence, the magnetic potential and first derivative of the gravitational potential in the 294 
direction of magnetization are linearly related by the scalar proportionality (J/Gσ). For 295 
induced magnetization at the geomagnetic field poles where i = z, the vertical magnetic 296 













 (4) 298 
Comparing pseudomagnetic and gravity effects against the respectively surveyed magnetic 299 
or gravity effects, one can test and relate the effcts to a common source and reducing 300 
interpretational ambiguities (Hinze et al., 2013) (Figure 7). The result is contrasted in 301 
Figure 8 with the vertical gravity gradient obtained from Geopotential Model EGM2008, 302 
according to Poisson's equation. 303 
Some morphostructural systems where the RTP presents morphological correspondence 304 
with the derivative of the Bouguer anomaly are the Si rra de Umango, Sierra de la Punilla 305 
and Sierra de Maz indicated on figure 8. This behavior is also observed for the northern 306 
sector of the Precordillera, in some plutons of the Colangüil batholith over the Frontal 307 
Cordillera and westwards over some places of the Chilean high Andes. 308 
The lack of adjustment in some other places indicates that the assumption of non-existent 309 
remnant magnetization is not valid for the whole ara, indicating that there is residual 310 
magnetism in some isolated sectors. 311 
Furthermore, the RTP filter is strongly affected at low latitudes, reason by which these data 312 
were not used for subsequent modeling (MacLeod et al., 1993; Li, 2007). 313 
 314 
Figure 8: Comparison between the Reduced to Pole Magnetic Anomaly vs. Vertical 315 
Gravity Gradient, from the application of the Poisson´s theorem, as an independent test to 316 




3D Gravity Inversion and determination of the basement depth 321 
An inversion method has been applied based on obtaining the Fourier transform of the 322 













at a certain distance, in order to produce a 3D mapof the basement geometry in the study 324 
area (Figure 9) (Chai and Hinze, 1988; Guspi, 1992; Chakravarthi, 2001). The software 325 
used for modeling operates in frequency domain and is based on the algorithm of Parker 326 
(1972). This algorithm consists in obtaining the Fourier transform of the potential field, 327 
expressed as an infinite strongly convergent Fourier transform series, whose expression is 328 
 (5) 329 
, and where G is the universal gravitational constant; i, an imaginary unit; k, k̅ vector 330 
module, n the polynomial degree; and F the Fourier t ansform. The result given by Parker 331 
(1972) corresponds to a polynomial of 0 degree, and a polynomial of 1 degree with constant 332 
coefficients, which leads to the formula of Reamer and Ferguson (1989). This result can be 333 
extended to multiple layering and variable density with position.  334 
In order to approximate the depth of the basement interface, an inversion was calculated 335 
using GMSYS 3D® software for each stratum defined by grids located in one half-space 336 
(Parker, 1972). For correct data processing, grids mu t be expanded in order to eliminate 337 
border effects (Blakely, 1995). In this case, we usd a 20% expansion of the grid, and grid 338 
spacing of 1000 m between nodes. The model uses the residual gravity anomalies shown in 339 
Figure 5d as data entry, where deep components were filt r d. In order to compute the 340 
depth of the crystalline basement and therefore the geometry of the Cenozoic basins, the 341 
program takes as input parameter the density distribution at depth. Therefore, this basement 342 
inversion model (Figure 9) is performed assuming a 3 l yer model with stratified density 343 
values. The shallower layer corresponds to the sedimentary infill with a mean density of 2.4 344 
g/cm3, representing mostly Quaternary unconsolidated sediments; while a deeper medium 345 
represents the Cenozoic sequences with a mean density of 2.68 g/cm3 and finally the 346 
deepest layer represents a Permian - Triassic basement with a density of 2.88 g/cm3.  347 
This three-layer model provides a first order approximation of the geometry and depth of 348 
the basement across the highest Andes in the northern Chilean-Pampean flat slab region. 349 
Figure 9 shows a general interpretation of such basement topography which outlines major 350 
sedimentary depocentres. This scheme signals the approximate depth and exact geometry of 351 













e.g. Matagusanos, Tulum, Bermejo, Vinchina depocenters, and others incorporated into the 353 
orogenic wedge, e.g. Iglesia-Calingasta depocenter), while also indicate the existence of 354 
others not described previously, particularly those located at the highest Andes around the 355 
drainage divide area and buried by thick sections of Cenozoic strata. These depocenters are 356 
interpreted as associated with syn-extensional topography produced during the Doña Ana 357 
extensional stage that affected the Andes at these latitudes. Thus, this model is used as an 358 
initial framework to perform an improved and more detailed bi-dimensional model across 359 
29º30' S, using additional geological and geophysical constraints.  360 
 361 
Figure 9: Basement depth computed from gravity inversion. Note h w foreland basins are 362 
defined as elongated lows parallel to the mountain fro ts, delineated by gravity highs, and 363 
how the Frontal Cordillera basement is characterized by more equidimensional lows and 364 
highs that are potentially associated with the synextensional topography produced during 365 
Doña Ana basin development (see text or further details). Interrupted line formed by points 366 
and short traces indicates the Chilean-Argentinean boundary as a reference. Thinner 367 
interrupted lines are Province and District boundaries as a reference. 368 
 369 
Figure 10: Below: 3D perspective of the computed basement depth, ob ained from 370 
inversion of gravity data (see text for details), with underlying Nazca subducted slab 371 
geometry obtained from seismic data and Moho geometry ob ained from gravity data (see 372 
previous sections). A digital terrain model grid (DEM 90 x 90m) is indicated above as a 373 
reference. 374 
 375 
Gravity and magnetic 2D inversion  376 
Two direct 2D models were traced at 29°30' S after obtaining the results of the 3D 377 
inversion depth basement. For these direct models th  GM-SYS 2D software developed by 378 
Webring (1985) was used (see Figures 1 and 3 for locati n). This software is based on 379 













algorithm. One of the models, modeled from the complete Bouguer anomaly, has been 381 
designed for regional purposes, particularly to delineate crustal heterogeneities, while the 382 
other was more local, modeling the residual Bouguer anomaly, in order to only constraint 383 
upper crustal structures. 384 
For the lithospheric (whole crust)-scale 2D model, blocks representing the upper mantle 385 
with density , Nazca Plate with density , 386 
subduction channel with density , and South American lower crust with 387 
density , mid crust with density , and upper crust with 388 
density , were considered. Mafic rocks trapped at the potential suture 389 
zones between the different proposed Paleozoic terran s cited in literature were modeled 390 
with densities   (see Gimenez et al., 2009 and references 391 
therein). 392 
Additionally, this model includes lateral density variations through the Nazca plate, 393 
produced by dehydration and densification at depth (Pacino and Introcaso 1988). The 394 
geometry of the Nazca plate at depth is adjusted in the model using a catalog of 213 395 
interplate earthquakes (http://www.isc.ac.uk/ehbbulletin/search/catalogue/), filtering the 396 
Mw≥4 events. 397 
The complete Bouguer Anomaly corrected for height (Figure 6a) was used for this model, 398 
in which the long wavelengths were adjusted considering lateral variations in density 399 
through mid and lower crust (Figure 11). 400 
In order to adjust the model, lateral density variations were introduced considering 401 
proposals that determine basement heterogeneity associ ted with accretional micro-402 
continental phases (see Gimenez et al., 2009 and references therein), with Pampia basement 403 
with a density of 2.72 g/cm3, Cuyania with 2.64 to 2.70 g/cm3, Chilenia with 2.82 g/cm3, 404 
and an extra heterogeneous region to the west potentially considered as a different 405 
hypothetical basement block with a density of 2,80 g/cm3. 406 














Figure 11: a) Lithospheric model across 29° 30’S adjusted using the complete Bouguer 409 
anomaly. Mafic rocks are included in the areas of ptential sutures between different 410 
Paleozoic terranes already implemented in Gimenez et al., (2009). Note that while limits 411 
between the different basements of Frontal Cordillera, Precordillera and western Sierras 412 
Pampeanas have been linked to Paleozoic sutures, th westernmost discontinuity included 413 
in this model does not follow any previous proposal. 414 
 415 
For the local-upper crustal model (Figure 12), the densities used are the ones already 416 
introduced in the three-dimensional inversion, as well as the general geometry of the 417 
basement at depth. Therefore sedimentary Quaternary i fill was modeled using a range of 418 
density values between 2.3 and 2.4 g/cm3, being typical values of sedimentary sections in 419 
the area (Gimenez et al., 2000; Ruiz and Introcaso, 2000; Introcaso et al., 2004). 420 
The deepest sedimentary (volcanoclastic and clastic) units and the crystalline basement 421 
were modeled with densities ranging from 2.6 to 2.88 g/cm3, including Carboniferous and 422 
lower Paleozoic, Permo-Triassic, Cretaceous and Cenozoic sections. These density vales 423 
were already used for other neighbor crustal models in Sierras Pampeanas and Precordillera 424 
areas (Martinez and Gimenez, 2003; Kostadinoff et al., 2010). 425 
Mafic high density rocks were modeled delineating the Cuyania and Pampia terrane 426 
boundary zone inferred across the Valle Fertil Lineam nt (Gimenez et al., 2000; Ruiz and 427 
Introcaso, 2000; Martinez and Gimenez, 2003), using the same density values for the 428 
regional model (ρ = 2.72 g /cm3). 429 
 Furthermore, to adjust this profile, magnetic susceptibility values, obtained by reversing 430 
the magnetic field, were used (Figure 7). These data were corroborated by susceptibility 431 
values sampled in the outcrops that are consistent with standard values for different rock 432 














Figure 12: a) Structural cross section based on Winocur et al., (2015) (geological data 435 
displayed on figures 3 and 4) across -29° 30’ S and djusted from gravity and magnetic 436 
data. 437 
Discussion 438 
Gravity and magnetic data have allowed delineating a series of anomalies interpreted as 439 
depocenters in the Frontal Cordillera area of the northern Chilean-Pampean flat slab 440 
segment of the Southern Central Andes. These data are valuable in understanding basin 441 
architecture and Mesozoic to Paleogene structure since extensive blankets of volcanic strata 442 
of the Permian-Triassic Choiyoi Group, and the Eocene-Miocene Doña Ana and Farellones 443 
formations characterize the highest Andes, burying most of the basement structure. This 444 
particular array of lows suggests the presence of kil meter-scale depocenters on both sides 445 
of the high Andes separated by NW transfer zones (Figures 9 and 10) that coincide with 446 
exposures of the Permian-Triassic Choiyoi Group andEocene-early Miocene Doña Ana 447 
Formation, both units considered, in a vast part of literature, synrift associations linked to 448 
two periods of crustal stretching, one during Pange break-up and a younger during the 449 
extensional destabilization of an Incaic relief mostly developed on the Chilean side of the 450 
Andes. 2D regional gravity models that adjust the measured gravity data and more locally 451 
gravity and magnetic profiles (Figures 11 and 12) imply the presence of a different crustal 452 
basement block on the Chilean slope of the Andes separated by an east-dipping 453 
discontinuity. This geometry could explain the development of Mesozoic?-Paleogene 454 
depocenters in the present Andean drainage zone as a result of the extensional collapse of 455 
the hanging wall of a hypothetical suture (Figure 13), constrained on gravity criteria, whose 456 
real nature needs further geological analyses. Then t  structure of the Frontal Cordillera, 457 
partly derived from inversion of these depocenters could also be the result of the 458 
reactivation of a crustal-scale discontinuity explaining its deep decollement. 459 
 460 
Figure 13: Schematic representation of the Paleogene extensional setting in the Southern 461 
Central Andes and the reactivation of a potential crustal heterogeneity inferred from 462 














The 3D and 2D models constructed from the decompensative gravity and magnetic 465 
anomalies adjusted with the available geological and geophysical information (Ramos et 466 
al., 2002; Gimenez et al., 2009; Winocur et al., 2015, among others) revealed the geometry 467 
of the basement in a sector of the high Andes placed in the northern Chilean-Pampean flat 468 
subduction segment.  In this model, elongated depocenters, associated with the eastern and 469 
western deformational fronts of Precordillera and Sierras Pampeanas respectively at the 470 
eastern deformational front of the Andes, are coincident with Neogene foreland basins. 471 
However, a mosaic of equidimensional smaller depocenters appears at the Frontal 472 
Cordillera area at both sides of the high Andes, interpreted as a result of the synextensional 473 
topography of the Doña Ana Basin developed in Eocene to late Oligocene times. The 474 
lithospheric-scale 2D model suggests the presence of a n n-previously recognized crustal 475 
discontinuity to the west of these depocenters corresponding to the Doña Ana Basin that 476 
could have hypothetically exerted a control on focalizing extension (Figure 13). This newly 477 
proposed basement discontinuity, summed to the onesrecognized in the model potentially 478 
associated with the amalgamation of Cuyania and Pampe n allochtonous, should be taken 479 
into consideration for further Paleozoic plate reconstructions, analyzing potential times of 480 
docking and associated deformational processes on ge logical grounds. 481 
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Ophiolitic Complexes ρ=2.95 g/cm³
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QUATERNARY - CONTINENTAL SEQUENCES
TERTIARY PRECORDILLERA - CONTINENTAL SEQUENCES
TERTIARY FRONTAL CORDILLERA - VOLCANIC 
SEQUENCES
CRETACEOUS -  VOLCANICS SEQUENCES
JURASSIC  - MARINE SEQUENCES
PERMIAN - TRIASSIC - VOLCANIC SEQUENCES
CARBONIFEROUS - PLATFORM MARINE SEQUENCES
PALEOZOIC BASEMENT
METAMORPHIC COMPLEX BASEMENT
CHILENIA MAFIC - METAMORPHIC COMPLEX BASEMENT
CUYANIA BASEMENT
CUYANIA LOWER BASEMENT





































• Gravity inversion to obtain the geometry of the Doña Ana abanico basin.  
• Determination of main Depocenters from the Andes Range to Western Sierras Pampeanas.  
• Remanent Magnetism determination by the Poisson’s Theorem. 
• Crustal Structure of the late Oligocene Miocene sequences located on Principal Andes.   
